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  ﺑﻬﺪاﺷﺖ داﻧﺸﻜﺪه
  اي ﺣﺮﻓﻪ ﺑﻬﺪاﺷﺖ ﻣﻬﻨﺪﺳﻲ ارﺷﺪ ﻛﺎرﺷﻨﺎﺳﻲ ﻣﻘﻄﻊ ﻧﺎﻣﻪ ﭘﺎﻳﺎن
-ذرات دوو ﻧﺎﻧﻮ  (7MVUﻜﺎت)ﻴﻠﻴﺳ ﻣﺰوﭘﻮر ﻳﻲدوﻧﻤﺎ ﻧﺎﻧﻮذرات ﻳﻲﻛﺎرآ ﻲﺑﺮرﺳ : ﻋﻨﻮان
-( در ﺣﺬف و ﻧﻤﻮﻧﻪ2HN-7MVUدار ﺷﺪه ﺑﺎ ﮔﺮوه آﻣﻴﻦ)ﺳﻴﻠﻴﻜﺎت ﻋﺎﻣﻞ ﻧﻤﺎﻳﻲ ﻣﺰوﭘﻮر
  ﺑﺮداري از ﺳﺮب و ﻣﻨﮕﻨﺰ
  
  ﭘﺮﻳﺴﺎ ﭘﺎﻳﺪار ﺗﻮﺳﻂ:
  ﺷﻴﺮﺧﺎﻧﻠﻮ ﺣﻤﻴﺪ دﻛﺘﺮ زرﻧﺪي، ﻓﻘﻴﻬﻲ ﻋﻠﻲ دﻛﺘﺮ : راﻫﻨﻤﺎ اﺳﺎﺗﻴﺪ
  اﺳﺘﺎد ﻣﺸﺎور: دﻛﺘﺮ ﻳﻮﻧﺲ ﺟﻬﺎﻧﻲ
  
  7931-8931ﺼﻴﻠﻲ : ﺳﺎل ﺗﺤ
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 ﺑﺎﺷﺪ.ﻣﻲﺗﺮﻳﻦ ﻣﺸﻜﻞ آﻧﻬﺎ ، ﻣﻬﻢﻫﺎ در ﺑﺪنﻣﺘﺎﺑﻮﻟﻴﺰه ﻧﺸﺪن آنﺑﺎﺷﻨﺪ و ﻫﺎي ﻣﻬﻢ در ﻣﺤﻴﻂ زﻳﺴﺖ ﻣﻲﻓﻠﺰات ﺳﻨﮕﻴﻦ از آﻻﻳﻨﺪه
. اﻳﻦ ﻣﻮاد ﺟﺰء ﻃﺒﻴﻌﻲ ﭘﻮﺳﺘﻪ زﻣﻴﻦ ﺑﻮده و اﻧﺪﻫﺎ ﻣﻮرد اﺳﺘﻔﺎده ﻗﺮار ﮔﺮﻓﺘﻪاﻳﻦ ﻓﻠﺰات ﻃﻲ ﻫﺰاران ﺳﺎل در ﺻﻨﺎﻳﻊ، ﺗﻮﺳﻂ اﻧﺴﺎن
ﻣﺴﺘﻘﻴﻢ ﻦ ﻣﻮاد ﻫﻢ ﺑﺼﻮرت ﻣﺴﺘﻘﻴﻢ و ﻫﻢ ﻏﻴﺮاﻳ ﮔﺮدﻧﺪ.ﺷﻮﻧﺪ و در ﻧﻬﺎﻳﺖ وارد ﺳﻴﺴﺘﻢ ﻏﺬاﻳﻲ اﻧﺴﺎن ﻣﻲوﺳﻴﻠﻪ ﻫﻮا ﺣﻤﻞ ﻣﻲﺑﻪ
ﻫﺎي ﺻﻨﻌﺘﻲ)ﮔﺮد و ﻫﺎي ﻣﺨﺘﻠﻔﻲ از ﺟﻤﻠﻪ ﻓﻌﺎﻟﻴﺖﻗﺮار ﮔﺮﻓﺘﻦ در ﻣﻌﺮض اﻳﻦ ﻣﻮاد، از راه ﺷﻮﻧﺪ.وارد زﻧﺠﻴﺮه ﻏﺬاﻳﻲ اﻧﺴﺎن ﻣﻲ
ﺳﺮب و ﻣﻨﮕﻨﺰ از ﺟﻤﻠﻪ ﻣﻮادي ﻫﺴﺘﻨﺪ ﻛﻪ در ﺻﻮرت  ﭘﺬﻳﺮد.ﻏﺒﺎر، دود و ﻓﺎﺿﻼب(، ﻣﺤﻴﻂ)ﻫﻮا، آب و ﺧﺎك( و ﻏﺬا، ﺻﻮرت ﻣﻲ
- ﺟﻬﺖ ﺗﺠﺰﻳﻪ و آﻧﺎﻟﻴﺰ اﻳﻦ ذرات ﻣﻲ ﺷﻮﻧﺪ.ﻣﻲﺼﺒﻲ اﻳﺠﺎد اﺧﺘﻼﻻت در ﺳﻴﺴﺘﻢ ﻋﻣﻮاﺟﻬﻪ ﺑﺎ ﻣﻘﺎدﻳﺮ ﺑﺎﻻﺗﺮ از ﺣﺪ ﻣﺠﺎز، ﺑﺎﻋﺚ 
ﺳﻨﺞ ﺟﺬب ﻃﻴﻒ  (،2SAA-TE )ﺳﻨﺞ ﺟﺬب اﺗﻤﻲ اﻟﻜﺘﺮو ﺣﺮارﺗﻲﻃﻴﻒ (،DRX1)اﻳﻜﺲﻃﻴﻒ ﺷﻜﺴﺖ اﺷﻌﻪ  ﺗﻜﻨﻮﻟﻮژيﺗﻮان از 
ﺳﻨﺠﻲ ﭘﻼﺳﻤﺎي ﺟﻔﺖ ﺷﺪه اﻟﻘﺎﻳﻲ و ﺗﺮﻛﻴﺐ آن ﺑﺎ ( و ﻃﻴﻒ4PCIﺳﻨﺠﻲ ﭘﻼﺳﻤﺎي ﺟﻔﺖ ﺷﺪه اﻟﻘﺎﻳﻲ)ﻃﻴﻒ (،3SAAاﺗﻤﻲ)
   .اﺳﺘﻔﺎده ﻧﻤﻮد( 5SM-PCIﺳﻨﺠﻲ ﺟﺮﻣﻲ)ﻃﻴﻒ
ﻫﺎي ﺑﻬﻴﻨﻪ از ﻓﻠﺰات ﻣﻨﮕﻨﺰ و ﺳﺮب در ﻫﻮا، ﺳﺎز ﺑﺎ ﻏﻠﻈﺖدر اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﺗﺠﺮﺑﻲ، از ﻃﺮﻳﻖ ﭘﺎﻳﻠﻮت ﺷﺒﻴﻪ ﻣﻮاد و روش اﺟﺮا:
ﺑﺮاي ﺟﺬب ﻓﻠﺰات ﻣﻮرد ﻧﻈﺮدر  LIو  LI-NSMو MVU  – 2HN /SHو 7 MVUﻫﺎي ﻫﺎي ﺑﻬﻴﻨﻪ از ﺟﺎذبﻣﻴﺰان ﻏﻠﻈﺖ
ﺳﺮﻋﺖ ﺟﺮﻳﺎن ﻋﺒﻮر  (08 C0-02دﻣﺎ)در روش اول  ﮔﺬارﻫﺎي ﺗﺄﺛﻴﺮدر اﻳﻦ ﻣﻄﺎﻟﻌﻪ، ﭘﺎراﻣﺘﺮ ﮔﻴﺮد.ﻫﻮا، ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﻣﻲ
 03( و ﻏﻠﻈﺖ اوﻟﻴﻪ ﺳﺮب)01-2)Hpﮔﺮم(، ﻣﻴﻠﻲ 52-1ﻟﻴﺘﺮ ﺑﺮ دﻗﻴﻘﻪ(، ﻣﻘﺪار ﺑﻬﻴﻨﻪ ﺟﺎذب)ﻣﻴﻠﻲ 003و  002-001-05ﻫﻮا)
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- 002-001-05(، ﺳﺮﻋﺖ ﻋﺒﻮر ﺟﺮﻳﺎن ﻫﻮا)001 C0-02ﮔﺬار دﻣﺎ)ﻫﺎي ﺗﺄﺛﻴﺮﮔﺮم( و در روش دوم ﺑﺮاي ﻣﻨﮕﻨﺰ، ﭘﺎراﻣﺘﺮﻣﻴﻠﻲ
  ﻣﻮرد ﻣﻄﺎﻟﻌﻪ ﺑﻮد. (ﮔﺮمﻣﻴﻠﻲ 01-0/1ﮔﺮم( و ﻣﻘﺪار اوﻟﻴﻪ ﻣﻨﮕﻨﺰ)ﻣﻴﻠﻲ 05-5ﻟﻴﺘﺮ ﺑﺮ ﻟﻴﺘﺮ(، ﻣﻘﺪار ﺟﺎذب)ﻣﻴﻠﻲ 006و  004
ﺷﺪﻳﺪ ﺑﺮداري، اﻓﺖ دﻟﻴﻞ ﻛﺎﻫﺶ زﻣﺎن ﻣﺎﻧﺪ آﻻﻳﻨﺪه در ﺑﺴﺘﺮ ﻧﻤﻮﻧﻪﺑﻪ، ﺑﻌﺪاز ﻳﻚ ﻣﻘﺪار ﺑﻪ ﺑﺎ اﻓﺰاﻳﺶ ﮔﺬر ﺣﺠﻤﻲ ﻫﺎ:ﻳﺎﻓﺘﻪ
دﻟﻴﻞ اﻓﺰاﻳﺶ ﻇﺮﻓﻴﺖ ﺟﺬب و ﻛﺎرآﻳﻲ ﺣﺬف، ﻗﺎﺑﻞ ﻣﺸﺎﻫﺪه ﺑﻮد. ﺑﺎ اﻓﺰاﻳﺶ ﻏﻠﻈﺖ ﻓﻠﺰات در ﮔﺎز اﺳﺘﺎﻧﺪارد، ﻇﺮﻓﻴﺖ ﺟﺬب ﺑﻪ
ﺑﻌﺪ ﺑﺮ ﻣﻘﺎوﻣﺖ در ﺑﺮاﺑﺮ اﻧﺘﻘﺎل ﺟﺮم( ﺗﺎ ﻳﻚ ﻧﻘﻄﻪ اﻓﺰاﻳﺶ ﻳﺎﻓﺖ، وﻟﻲ از آن ﻧﻘﻄﻪ ﺑﻪﺑﺮﻧﺪه ﻓﺮآﻳﻨﺪ ﺟﺬب)ﺑﺮاي ﻏﻠﺒﻪﻧﻴﺮوي ﭘﻴﺶ
دﻟﻴﻞ اﺷﻐﺎل ﺷﺪن ﺗﻌﺪاد اﻣﻜﺎن ﺟﺬب ﺑﻴﺸﺘﺮ وﺟﻮد ﻧﺪاﺷﺖ. از ﺳﻮي دﻳﮕﺮ، ﻛﺎرآﻳﻲ ﺣﺬف ﺑﻪدﻟﻴﻞ اﻳﺠﺎد ﺟﺬب رﻗﺎﺑﺘﻲ، دﻳﮕﺮ ﺑﻪ
، ﺑﻪ MSRاﻓﺰار در اﻳﻦ ﻣﻄﺎﻟﻌﻪ، ﺗﻌﺪاد ﺣﺠﻢ ﻧﻤﻮﻧﻪ ﺑﺎ اﺳﺘﻔﺎده از ﻧﺮمﻫﺎي ﺟﺬب در واﺣﺪ زﻣﺎن، ﻛﺎﻫﺶ ﻳﺎﻓﺖ. ﺑﻴﺸﺘﺮي از ﺟﺎﻳﮕﺎه
  ﻣﻘﺪار ﻗﺎﺑﻞ ﻗﺒﻮل ﺗﻘﻠﻴﻞ ﻳﺎﻓﺖ.
ﺗﻮﻟﻴﺪ ﻓﻠﺰات ﺳﻨﮕﻴﻦ در ﺻﻨﺎﻳﻊ ﮔﻮﻧﺎﮔﻮن و اﻫﻤﻴﺖ ﺳﻼﻣﺘﻲ ﻛﺎرﮔﺮان در ﻣﻮاﺟﻬﻪ ﺑﺎ  ﺗﻮﺟﻪ ﺑﻪ اﺳﺘﻔﺎده و ﻫﻤﭽﻨﻴﻦﺑﺎﮔﻴﺮي: ﻧﺘﻴﺠﻪ
آور ﻣﺤﻴﻂ ﻛﺎري ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﮔﻴﺮد. ﺷﺮاﻳﻂ ﻣﺤﻴﻄﻲ و ﺑﻬﺪاﺷﺘﻲ ﻛﺎر، ﻻزم اﺳﺖ ﭘﺎﻳﺶ و ﻫﻤﭽﻨﻴﻦ ﻛﻨﺘﺮل ﻋﻮاﻣﻞ زﻳﺎن
دﻫﺪ ﻛﻪ، اﺳﺘﻔﺎده از ﺎﻳﺞ ﻧﺸﺎن ﻣﻲﺑﺎﺷﺪ. ﻧﺘﻫﺎي ﭘﺎﻳﺶ ﻣﻮاﺟﻬﻪ ﺑﺎ ﻓﻠﺰات ﺳﻨﮕﻴﻦ، اﺳﺘﻔﺎده از ﻓﺮآﻳﻨﺪ ﺟﺬب ﺳﻄﺤﻲ ﻣﻲاز راهﻳﻜﻲ
ﻧﺴﺒﺖ ﺑﻪ روش دار ﺷﺪه و ﻫﻤﭽﻨﻴﻦ ﭘﻮﺷﺶ داده ﺷﺪه ﺑﺎ ﻣﺎﻳﻊ ﻳﻮﻧﻲ، ﺻﻮرت ﻋﺎﻣﻞﭘﻮر ﺳﻴﻠﻴﻜﺎت ﺑﻪﻫﺎي ﻣﺰوﺟﺎذبﻧﺎﻧﻮ
  ﺑﺎﺷﺪ.ﻫﺎي ﻣﻜﺎﻧﻴﻜﻲ و ﺷﻴﻤﻴﺎﻳﻲ، ﺑﺴﻴﺎر ﻣﺆﺛﺮ و ﺑﺎ راﻧﺪﻣﺎن ﺣﺬف ﺑﺎﻻ ﻣﻲﻓﻴﻠﺘﺮاﺳﻴﻮن و ﺳﺎﻳﺮ روش
و  دار ﺷﺪه ﺑﺎ ﮔﺮوه آﻣﻴﻦﭘﻮر ﺳﻴﻠﻴﻜﺎت ﻋﺎﻣﻞذارت ﻣﺰوﭘﻮر ﺳﻴﻠﻴﻜﺎت، ﻧﺎﻧﻮﻧﻤﺎﻳﻲ ﻣﺰوذرات دوﺳﺮب، ﻣﻨﮕﻨﺰ، ﻧﺎﻧﻮﻛﻠﻤﺎت ﻛﻠﻴﺪي: 
  ﺑﺎ ﻣﺎﻳﻊ ﻳﻮﻧﻲ، ﻣﺎﻳﻊ ﻳﻮﻧﻲ هداده ﺷﺪﭘﻮر ﺳﻴﻠﻴﻜﺎت ﭘﻮﺷﺶ، ذرات ﻣﺮوﺗﻴﻮل
 
Introduction and goal:Heavy metals are the most important pollutants in the environment 
and their metabolism in the body is their most important problem. These metals have been used 
by humans for thousands of years in industries. These materials are a natural component of the 
earth's crust and are transported by air and eventually enter the human food system. These 
materials enter the human food chain either directly or indirectly. Exposure to these materials 
takes place in a variety of ways, including industrial activities (dust, smoke and sewage), 
environment (air, water and soil) and food. Lead and manganese are substances that, if exposed 
to values above the limit, cause disturbances in the nervous system. To analyze and analyze these 
particles, we can use X-ray diffraction (XRD) technology, electromagnetic atomic absorption 
spectrometry (ET-AAS), atomic absorption spectrometry (AAS), inductively coupled plasma 
spectrometry (ICP ) And inductively coupled plasma spectroscopy and its composition with mass 
spectrometry (ICP-MS). 
Materials and Methods: In this experimental study, optimum concentrations of UVM 7 and 
HS / NH2 - UVM and MSN-IL and IL-2 adsorbents for the adsorption of the desired metals were 
measured by pilot simulators with optimal concentrations of Mn and Pb in air. , Has been 
studied. In this study, the parameters affecting the first method, including temperature (80-20 ° 
C), air flow rate (200-150-200 and 300 ml / min), optimum adsorbent (1-25 mm G), pH (2-10) 
and initial concentration of lead (30 milligrams) and in the second method for manganese, 
temperature effective parameters (C-20-0), air flow velocity (200-100-200-400 and 600 
Milliliters per liter), the amount of adsorbent (5-50 milligrams) and the initial amount of 
manganese (10-10 milligrams) were studied. 
Results: As volumetric flow increased from one value to another, due to the reduction of 
pollutant residence time in the sampling bed, a significant drop in absorption capacity and 
removal efficiency was observed. By increasing the concentration of metals in standard gas, the 
absorption capacity increased to one point due to the increase in the pre-absorbing force 
(overcoming the resistance to mass transfer), but from that point, due to the creation of 
competitive absorption , There was no longer any possibility of further absorption. On the other 
hand, the efficiency of removal was reduced due to the occupation of more attraction sites per 
unit time. In this study, the sample size was reduced to an acceptable level using RSM software. 
Conclusion: Considering the use and production of heavy metals in various industries and the 
importance of workers' health in dealing with environmental and health conditions, it is 
necessary to monitor and control the harmful factors of the work environment. One of the ways 
to monitor exposure to heavy metals is to use the adsorption process. The results show that the 
use of silicate mesoporous nanoparticles is highly effective and also coated with ionic liquid, in 
comparison to filtration and other mechanical and chemical methods. With high removal 
efficiency. 
Keywords: lead, manganese, bimodal mesoporous silica nanoparticles, bimodal mesoporous 
silica nanoparticles functionalized with amine/thiol group, mesoporous silica nanoparticles 
covered by ionic liquid, ionic liquid. 
  
  
Kerman University of Medical Sciences 
Faculty of Health 
In Partial Fulfillment of the Requirements for the Degree (Msc) 
Title: 
Evaluation of efficiency bimodal mesoporous silica nanoparticles and bimodal mesoporous silica 




Dr. Ali Faghihi Zarandi 








c.G 6Liq jl gtio 4;s-
,1 : Jl ,JK,i.i- ;l_.131.r ,:t:.a 1j- Gl .' .l rlas L l^/f/yy CJ_*" d}*:1 33-) \ \/y
79*t"W
"Sul3its flC S tE
69rrtt ,r.H$ ,J.l. ,X,l agGI -\




, :t-os , o u u\J /.13 II v. v
JJL;* (.1l).rti*l ::
tr "t'I^ ,,.t !3+* ,:(" 1,E (J-t.) ;lr3l.r o!.r :-.:. -L ?z ;3lL;;.l*;ffi.r 6t3'i (.-=-,E) ,rl:J!, ;L'a 9-:.
-: 4












.:l(.1..., . uL 
-l ^i 9J al;j 3,,L: r (UVMz) ;11(r1.r.,.;g>" ,r1lo 3.l ol9j,5',tj G,lJtS ct' J;1 " ;ls_,c ,-.^: 61 d;r-JJaJ g.
,r'Hss ,Jc jSl ..1!GI .,.l ""41, t " lK- J .i->- 
-11 631.13,, IJJE J *ij- 3.r (UVMz-NHz ) ir.'T o3j L o.ui, ;
>tu
